Um eletrodo de pasta de carbono modificado com o polímero cloreto de 3-n-propil-4-picolina silsesquioxano foi testado como sensor para isômeros do di-hidroxibenzeno. O sensor apresentou desempenho excelente para a determinação eletroanalítica simultânea de hidroquinona e catecol. A carbon paste electrode modified with 3-n-propyl-4-picolinium chloride silsesquioxane polymer was tested as a sensor for dihydroxybenzene isomers. The sensor showed excellent performance for simultaneous electroanalytical determination of hydroquinone and catechol. The calibration curves obtained were linear in the concentration range of 10.0 to 450.0 µmol L 1 for hydroquinone (r = 0.998) and 10.0 to 300.0 µmol L −1 for catechol (r = 0.997). The visual limit of detection was 10.0 µmol L −1 for both isomers.
Introduction
In recent years, several organic-inorganic hybrid materials modified with organofunctionalized silica with desirable properties for several applications have been reported. 1, 2 These materials combine the physical properties of glass, such as thermal stability and rigidity, with the exchange properties of the organofunctional group. Among the hybrid materials, the organo-bridged silsesquioxanes have been the subject of great interest due to their increasing potential for technological applications in multiple fields, such as heterogeneous catalysis, protective coatings, absorbents and optical devices. [3] [4] [5] The silsesquioxane derivatives containing a pyridinium or a picolinium cationic group have been tested in the development of chemically-modified electrodes. 4, [6] [7] [8] [9] [10] While the pyridinium-derivative silsesquioxane polymer has been extensively used to build sensors, 7-9,11 the picolinium-derivative silsesquioxane polymer has been little explored for this purpose 6, 10 and its use for the determination of organic compounds has apparently not been reported in the literature.
Hydroquinone (HQ) and catechol (CC) are two important dihydroxybenzene isomers widely used as raw materials in the chemical and pharmaceutical industries. 12, 13 However, HQ and CC are highly toxic and even at very low concentrations can be harmful to animals and plants. 14 Therefore, sensitive and selective analytical methods are necessary for their determination. Several methods [12] [13] [14] [15] [16] [17] [18] [19] have been used for dihydroxybenzene isomers determination, including chromatography, spectrophotometry, pH-based flow injection analysis, synchronous fluorescence and voltammetry. Herein, it was show for the first time, the use of cyclic and differential pulse voltammetry associated with a simple and sensitive electrode based on a 3-n-propyl-4-picolinium chloride silsesquioxane polymer-modified carbon paste electrode (Si4Pic + Cl − /CPE) for electrochemical studies and simultaneous determination of HQ and CC.
Experimental
All chemicals were of analytical grade and used without further purification. The solutions were prepared with purified water (18 MW cm) obtained from a Milli-Q In the next step, 4 drops of Nujol ® were added, and mixing was applied for a further 20 min. The paste obtained was placed in a 1.0 mL plastic syringe and a carbon rod of 0.5 cm diameter, connected to a copper wire, was inserted to obtain the electrical contact. Si4Pic + Cl − /CPE was stored in the supporting electrolyte (pH 7.0) at room temperature when not in use.
The electrochemical experiments were carried out using a potentiostat/galvanostat (Autolab model PGSTAT101) coupled to a personal computer with specific data acquisition software installed (Nova 1.7). A conventional three-electrode cell was employed with Si4Pic 
Results and Discussion
Enhanced sensitivity to the CC oxidation was obtained when Si4Pic + Cl − /CPE was submitted to a conditioning step. Figure 1A shows the effect of the conditioning time and potential on the oxidation current of 0.5 mmol L −1 CC in PBS (pH 7.0) obtained by CV. As can be seen, the highest currents were achieved when the potential and time were 0.0 V and 180 s, respectively. The effect of the conditioning step on the electrochemical performance of Si4Pic + Cl − /CPE has been attributed to the strong electrostatic interactions that the polymer network exerts on the dihydroxybenzene isomer. 8, 9, 11 The conditioning step was applied in all experiments.
CVs of a mixture containing 0.5 mmol L -1 HQ and CC in PBS (pH 7.0) at CPE and Si4Pic + Cl − /CPE are shown in Figure 1B . At CPE ( Figure 1B-a) , a large broad peak centered at +0.420 V is observed for the oxidation reaction, while a narrower peak centered at −0.100 V is observed for the reduction reaction. This behavior characterizes the overlapping of the oxidation and reduction peaks of HQ and CC. Also, the peak separation (ΔE p ) of 520 mV indicates the irreversibility of the reactions. On the other hand, at Si4Pic + Cl − /CPE ( Figure 1B-b) , two pairs of well-defined peaks are apparent. The peaks at +0.145 and +0.259 V correspond to the oxidation of HQ and CC, respectively. The reduction peaks are observed at +0.062 V (HQ) and +0.172 V (CC). Additionally, values of ΔE p = 83 mV for HQ and ΔE p = 87 mV for CC and, more importantly, a separation of 114 mV between the oxidation peaks of HQ and CC, which is large enough for the simultaneous determination of the dihydroxybenzene isomers, were determined. This behavior can be attributed to the increased catalytic activity promoted by Si4Pic
+ Cl − present in the carbon paste, which improves the kinetics of the electrochemical process of HQ and CC. The effect of the solution pH on the electrochemical response of HQ and CC at Si4Pic + Cl − /CPE was investigated over the range of 3.0 to 10.0. For HQ, the value for the oxidation peak current increased until pH 9.0 and then decreased rapidly. For CC, the maximum current was observed at pH 7.0 (data not shown). In addition, the values for the oxidation peak potential (E po ) for both isomers shifted to less positive values as the solution pH increased from 3.0 to 8.0, remaining almost constant at pH values above 8.0 (Figure 2A) . The linear regression equation for HQ was E po / V = 0.538 − 0.0491 pH (R = 0.9964), while for CC it was E po / V = 0.669 -0.0496 pH (R = 0.9971), indicating that the same number of protons and electrons are involved in the redox reactions of the two dihydroxybenzene isomers. 18 According to the literature, two electrons and two protons are involved in the oxidation process for both HQ and CC. 17 The intersections of the straight lines observed in Figure 2A are consistent with the pKa values for HQ and CC. The values obtained in this study (8.2 for HQ and 8.5 for CC) are slightly lower than those of 9.8 and 9.4, respectively, reported in the literature. 16 The difference observed can be attributed to the slow electron transfer reaction at the Si4Pic + Cl − /CPE surface, despite of the modified electrode to show a catalytic effect much higher than the carbon paste. As earlier demonstrated, the peak separation was ΔE p = 83 mV for HQ and ΔE p = 87 mV for CC, different of 56.9 mV, the expected value for (rapid) reversible electrochemical reactions. Based on the results described above, pH 7.0 was selected for the simultaneous determination of HQ and CC. The two dihydroxybenzene isomers are in their protonated form at this solution pH. , the oxidation peak for HQ is less evident. Therefore, to investigate the relationship between peak currents and scan rate, CVs were obtained separately for HQ and CC (data not shown). As shown in Figure 2C , the anodic (i pa ) and cathodic (i pc ) peak currents for both organic compounds were linearly proportional to the square root of the scan rate (n 1/2 ) within the range of 10-300 mV s /CPE are diffusion controlled processes. Furthermore, the oxidation (E po ) and reduction (E pr ) peak potentials shift to more positive and negative values, respectively, with increasing scan rate, indicating a behavior typical of quasi-reversible reactions.
For the simultaneous determination of HQ and CC, DPV curves were recorded at different concentrations of one isomer while the concentration of the other isomer remained constant at 0.2 mmol L −1 (Figure 3) . Two well defined peaks 
Conclusions
The electrochemical behavior of HQ and CC was investigated at a Si4Pic + Cl − /CPE electrode by CV and DPV. Compared to the unmodified electrode (CPE), an improved reversibility and an enhanced current for the redox process involving HQ and CC were evidenced, which can be attributed to the performance of the silsesquioxane polymer. The DPV results identified two well-defined redox peaks for HQ and CC, and the separation between the peak potentials was large enough for the simultaneous determination of these compounds. The modified electrode exhibited good repeatability and stability and represents a promising sensor device for the simultaneous determination of dihydroxybenzene isomers.
